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EXPRESS MAIL NO. EV336678097US 



LOW TRANS-FATTY ACID FATS AND FAT COMPOSITIONS AND METHODS 

OF MAKING SAME 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This is a continuation-in-part of U.S. Application No. 10/750,457, entitled "Low 
Trans-Fatty Acid Fat Compositions; Low-Temperature Hydrogenation, e.g., of 
Edible Oils" and filed 31 December 2003, and claims the benefit of U.S. 
Provisional Application Nos. 60/525,914, filed 30 November 2003, and 
60/492,160, filed 31 July 2003. The teachings of each of these applications is 
incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally to hydrogenation processes and fat 
compositions. The methods and compositions described below have particular 
utility in connection with hydrogenation of edible oils to form low frans-fatty acid 
fats that may be used in or as margarine, shortening, or frying fat, for example. ' 

BACKGROUND 

[0003] A variety of relatively "hard" fat compositions, e.g., margarine, spreads, 
shortening, and frying fat, are formed from seed oils and vegetable oils. For 
example, plastic fat compositions such as margarine and low-fat spreads typically 
comprise an emulsion of an oil phase (typically including a liquid oil and a hard fat, 
which usually has been hardened) with an aqueous phase, together with various 
emulsifiers, stabilizers, preservatives, and flavoring agents. 

[0004] Most seed oils and vegetable oils, such as soybean oil, canola oil, corn oil, 
sunflower oil, palm oil, or linseed oil, contain a variety of saturated and 
unsaturated fatty acids. The fatty acid profiles of oils commonly vary by source, 
but typically include a variety of saturated fatty acids, such as palmitjc acid (C16:0) 
and stearic acid (C18:0); some monounsaturated fatty acids such as oleic acid 
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(C18:1) and erucic acid (C22:1); and polyunsaturated fatty acids including linoleic 
acid (C18:2) and linolenic acid (C18:3). (The Cx.y designation refers to fatty acids 
wherein x is the number of carbon atoms and y is the number of double bonds.) 

[0005] Polyunsaturated fatty acids, particularly linolenic acid (C18:3), are known to 
oxidize over time with oxjdation proceeding more quickly at higher temperatures 
such as those used in baking, frying, etc. This oxidation leads to unacceptable 
rancid flavors. Hence, high contents of linolenic acid can also render edible fats 
unstable and easily oxidized during cooking and storage, which compromises the 
sensory characteristics of foods cooked in or incorporating such fats. Many edible 
fats are hydrogenated to increase stability by reducing the amount of linolenic acid 
and increasing saturated and monounsaturated fatty acids. For example, the 
maximum desirable linolenic acid content for many commercial bakery and frying 
shortenings is about two weight percent of the total fatty acid content of the fat. 

[0006] Hydrogenating (mono)unsaturated fatty acids increases the saturated fatty acid 
content. Unduly high saturated fatty acid content in one's diet can adversely 
impact cardiovascular health by raising serum cholesterol levels. As a byproduct 
of hydrogenation, unsaturated fatty acids can be converted from their natural cis 
configuration to their trans isomer form. Recent studies have indicated that trans- 
fatty acids may impact cardiovascular health more negatively than saturated fatty 
acids do. In part due to this recent research, consumers are becoming attentive to 
the frans-fatty acid content of their diets and many consumers are beginning to 
prefer products with lower frans-fatty acid content. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] Figure 1 is a schematic illustration of a catalyst activation system in accordance 

with one embodiment of the invention. 
[0008] Figure 2 is a schematic illustration of a hydrogenation system in accordance with 

another embodiment of the invention. 
[0009] Figure 3 is a graph illustrating variation of frans-fatty acid content as a function of 

Iodine Value for. a soybean oil that is partially hydrogenated in accordance with 

standard processes or in accordance with embodiments of the invention. 
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10010] Figure 4 is a graph illustrating the frans-fatty acid content as a function of Iodine 
Value for a canola oil that is partially hydrogenated in accordance with 
conventional hydrogenation processes as compared to select embodiments of the 
invention. 

DETAILED DESCRIPTION 
A. Overview 

loon] Various embodiments of the present invention provide methods for hydrogenating 
an unsaturated fat, e.g., an edible oil, and edible hydrogenated fat compositions. 
The following text discusses aspects of the invention in connection with Figures 1- 
4 to provide a thorough understanding of particular embodiments. A person skilled 
in the art will understand, however, that the invention may have additional 
embodiments, or that the invention may be practiced without several of the details 
of the embodiments shown in Figures 1 and 2. 

10012] One embodiment of the invention provides a method for hydrogenating an 
unsaturated fat. In accordance with this method a nickel-based catalyst is 
dispersed in an unsaturated edible oil. The edible oil has an initial Iodine Value 
and an initial fatty acid content. Hydrogen is delivered to the oil and the oil is 
hydrogenated at a hydrogenation temperature for a hydrogenation time to yield a 
partially hydrogenated fat having a modified Iodine Value and including a modified 
fatty acid content. The hydrogenation temperature is no greater than about 80° C, 
generally preferably about 70 p C or less. The partially hydrogenated fat has a 
solid fat content of about 20-80 weight percent at 20° C. An absolute difference 
between the initial Iodine Value and the modified Iodine Value divided by the 
hydrogenation time defines an average Iodine Value change rate of no less than 
about 5/hour. No more than about 20 weight percent, e.g., no more than about 15 
weight percent, of the modified fatty acid content comprises frans-fatty acids. . 

[0013] Another embodiment of the invention provides a method of hydrogenating an 
edible oil having an initial solid fat content of less than about 20 weight percent at 
20° C, an initial Iodine Value, and an initial fatty acid content. This method 

[33449-801O-US0000/SL04O1 10.007] -3- 20 Feb 04 



includes providing a catalyst composition including a fat component and a nickel- 
based catalyst that has been activated by heating to a first temperature. The 
catalyst composition is dispersed in the oil and hydrogen is delivered to the oil. 
The oil is hydrogenated at a second temperature to yield a partially hydrogenated 
fat having a modified Iodine Value and including a modified fatty acid content. The 
second temperature is less than the first temperature. The partially hydrogenated 
fat has a solid fat content of about 20-80 weight percent at 20° C. An absolute 
difference between the initial Iodine Value and the modified Iodine Value (dIV, 
discussed below) divided by the hydrogenation time defines an average Iodine 
Value change rate 6f about 6-40/hour. No more than about 20 weight percent, 
e.g., 15 weight percent or less, of the modified fatty acid content comprises trans- 
fatty acids. 

[0014] A partially hydrogenated fat in accordance with still another embodiment of the 
invention is selected from a group consisting of partially hydrogenated soy bean oil 
and partially hydrogenated canola oil. The partially hydrogenated fat has a solid 
fat content of at least about 20 weight percent at 20° C, a frans-fatty acid content 
of about 4-20 weight percent, e.g., 15 weight percent or less, and a ratio of C18 
content to the frans-fatty acid content (C18 : TFA) of at least about one. 

[0015] Still another embodiment of the invention provides a partially hydrogenated fat, 
which may be selected from a group consisting of partially hydrogenated soy bean 
oil and partially hydrogenated canola oil, that includes a solid fat content of at least 
about 20 weight percent at 20°C; a frans-fatty acid content of about 4-20 weight 
percent, e.g., 15 weight percent or less; and a ratio of the solid fat content at 20°C 
to the frans-fatty acid content (SFC 20 : TFA) of at least about two. 

[0016] For ease of understanding, the following discussion is subdivided into four areas of 
emphasis. Section B discusses aspects of processes for activating hydrogenation 
catalysts and exemplary catalyst compositions including activated catalysts in 
accordance with selected embodiments of the invention. Section C outlines 
hydrogenation methods in accordance with other aspects of the invention. Section 
D describes edible fats in accordance with other embodiments of the invention, 
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and Section E discusses fat compositions that may be made with the fats of 
Section D (among others). 

B. Catalyst Activation and Catalyst Compositions 

[0017] Figure 1 schematically illustrates one possible catalyst activation system 10 useful 
for forming an activated catalyst composition in some embodiments of the 
invention. The Catalyst activation system 10 includes, a catalyst activation vessel 
20 having walls 22 defining an interior 24. A nickel-based catalyst may be 
delivered to the vessel interior 24 from a catalyst supply 40 via a catalyst delivery 
line 42. A fat component may be delivered to the vessel interior 24 from a fat 
supply 50 via a delivery line 52. A process gas, e.g., hydrogen gas, may be 
delivered to the vessel interior 24 from a process gas supply 60 via a process gas 
delivery line 62. 

[0018] An agitator 26 in the vessel interior 24 may enhance distribution of process gas 
and the nickel-based catalyst throughout the fat component during the activation 
process. The agitator 26 is schematically illustrated as a rotating set of paddles or 
blades, but those skilled in the art will recognize that any of a variety of systems 
may be used to distribute the process gas and the nickel-based catalyst 
throughout the fat component. 

[0019] The catalyst activation system 10 may also include temperature probe 34 and a 
heater 35 operatively coupled to the catalyst activation vessel 20 to control the 
temperature of the material in the vessel interior 24. The same heater 35 or 
separate heaters (not shown) may also be coupled to one or more of the catalyst 
supply 40, fat supply 50, and process gas supply 60. The catalyst activation 
vessel 20 may also include a pressure control 27 adapted to monitor the pressure 
within the vessel interior 24 and control a vent valve 29 in a vent line 28 adapted to 
release excess process gas and other gases (e.g., water vapor generated during 
the activation process) from the vessel 20. A vessel outlet 30 may be used to 
remove the activated catalyst from the vessel interior 24. As noted below, the 
outlet 30 may communicate directly with a catalyst composition supply 140 in the 
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hydrogenation system 100 of Figure 2 (discussed below) or send the catalyst to a 
storage vessel (not shown) for later use. 
[0020] The catalyst activation system 10 also includes a controller 70 adapted to control 
aspects of the catalyst reaction system 10. The controller 70 may be operatively 
coupled to one or more of the agitator 26, pressure control 27, vent valve 29, 
heater 35, catalyst supply 40 or delivery line 42, fat supply 50 or delivery line 52, 
and process gas supply 60 or delivery line 62. In one embodiment, the controller 
70 comprises at least one computer having a programmable processor 
programmed to control operation of these components to form an activated 
catalyst composition. 

[0021] The nickel-based catalyst in the catalyst supply 40 may comprise any of a variety 
of conventional nickel-based catalysts. In one embodiment, the nickel-based 
catalyst comprises nickel carried on an inert support, e.g., alumina or silica. In 
some of these implementations, nickel may comprise about 25-100 weight 
percent, e.g., about 50-90 weight percent, of the nickel-based catalyst. Typically, 
at least some of the nickel will be present as NiO. In some embodiments, 
substantially all of the nickel is present as NiO, as in the case of nickel catalysts 
that have been calcined in air. In other embodiments, about 30-60% of the weight 
of the nickel is nickel metal and the balance of the weight of the nickel is contained 
in NiO. 

[0022J In some embodiments, substantially all of the metal carried on the inert support 
may comprise nickel. In other embodiments, minor amounts of copper or other 
metals may be added to control activity, selectivity, or other properties of the 
catalyst. In select implementations, the nickel-based catalyst may be at least 
substantially free of platinum, palladium, or ruthenium. Nickel catalysts on inert 
supports expected to suffice for this purpose are commercially available from 
Degussa AG of Frankfurt, Germany, among others. 

10023] The fat component in the fat supply 50 may be any of a variety of fat compositions. 
Although the fat in the fat supply 50 may be substantially saturated, many of the 
embodiments of the invention will employ an unsaturated fat. As noted below, 
some embodiments of the invention employ catalyst compositions having relatively 
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low melting points. In such embodiments, the melting point of the catalyst 
composition produced in the catalyst activation system 10 may depend in large 
part on the composition of the fat in the fat supply 50. 
[0024] The fat in the fat supply 50 may comprise seed oil or vegetable oil or a blend of 
seed oil(s) and/or vegetable oil(s). Catalyst compositions with relatively low 
melting points, for example, may be formed using coconut oil or any other short- 
chain triacylglyceride in the fat supply 50. In other embodiments, the oil selected 
for the fat supply 50 may be the same type of oil that is to be hydrogenated in the 
hydrogenation system 100 (Figure 2, discussed below). Hence, if the catalyst 
composition produced in the catalyst activation system 10 is to be used to 
hydrogenate soybean oil, the fat supply 50 may contain or consist essentially of 
soybean oil. This avoids the contamination that results from using a fat in the 
catalyst composition different from the oil being hydrogenated with the catalyst 
composition. 

[0025] In the embodiment shown in Figure 1 , there is a separate catalyst supply 40 and 
fat supply 50. In such an embodiment, the nickel-based catalyst in the catalyst 
supply 40 may comprise both a nickel-based catalyst as described above and a 
fat, e.g., a fully hardened seed oil or vegetable oil. Such nickel-based catalyst 
formulations are commercially available from a variety of sources, including 
products sold by Johnson Matthey Pic of London, UK under the trade name 
PRICAT. If the catalyst supply 40 includes sufficient fat to form the desired 
catalyst composition, the separate fat supply 50 may be omitted, essentially 
combining the catalyst supply 40 and the fat supply 50 into a single supply. In 
other embodiments, the fat supply 50 may provide a source of additional fat and 
both the fat-containing catalyst formulation in the catalyst supply 40 and additional 
fat from the fat supply 50 may be delivered to the catalyst activation vessel 20. 

[0026] If so desired, the gas in the process gas supply 60 may be substantially nitrogen- 
free and may consist essentially of hydrogen (e.g., commercial grade, as opposed 
to laboratory grade, hydrogen). In another embodiment of the invention, though, 
the process gas supply 60 includes a gas, e.g., a reducing gas, other than or in 
addition to hydrogen. For example, the process gas supply 60 may include a 
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supply of hydrogen gas and a separately controllable supply of nitrogen, ammonia 
(not shown), or other nitrogen-containing gas. In another possible embodiment, 
the gas in the process gas supply 60 may be a gas other than hydrogen and need 
not be a reducing gas, e.g., the gas may consist essentially of nitrogen and/or 
helium. In select embodiments, the gas may comprise a mixture of two or more of 
hydrogen gas, nitrogen gas, ammonia, and helium gas. 

[0027] The catalyst activation system 10 schematically illustrated in Figure 1 is a batch- 
type system. It is contemplated, though, that catalyst activation systems in 
accordance with other embodiments of the invention may activate catalyst 
compositions on a continuous basis. 

[0028] Some embodiments of the invention provide methods for producing an activated 
catalyst composition. In the following discussion, reference is made to the catalyst 
activation system 10 shown schematically in Figure 1. It should be understood, 
though, that reference to this particular system is solely for purposes of illustration 
and that the activation methods outlined below are not limited to the particular 
system shown in Figure 1 or discussed above. 

[0029] A method in accordance with one embodiment produces an activated catalyst 
composition by contacting a fat component with a nickel-based catalyst in the 
presence of a process gas at an activation temperature. The fat component may 
comprise oil or other fat delivered to the vessel interior 24 from the fat supply 50 
via delivery line 52. In one embodiment, the fat may be delivered to the vessel 
interior 24 and heated to the activation temperature by the heater 35 in the vessel 
interior 24 before the nickel-based catalyst is added. In other embodiments, the 
fat component may be pre-heated before it is delivered to the vessel interior 24 
and the heater 35 may simply be used to maintain the reactants in the vessel 
interior 24 at the desired reaction temperature. 

[0030] The controller 70 may monitor and control the pressure in the vessel interior 24 via 
the pressure controller 27. In one embodiment, the pressure in the vessel interior 
is sub-atmospheric or higher, e.g., 1-25 bar with pressures of at least two bar 
being useful in some configurations. In some embodiments, the pressure in the 
vessel interior 24 may vary depending on the state of the process. For example, 
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the pressure in the vessel interior 24 may be maintained below atmospheric 
pressure for a period of time after the fat is introduced to the vessel interior 24 to 
outgas air arid other dissolved gases in the fat. Alternatively, or in addition to such 
sub-atmospheric outgassing, the fat may be purged, e.g., with nitrogen, hydrogen, 
or helium, to remove oxygen from the fat. 

(0031] The nickel-based catalyst may be delivered to the vessel interior 24 via the 
catalyst delivery line 42. In one embodiment, the nickel-based catalyst is added to 
a quantity of fat component in the vessel 20 when the fat component is at the 
desired activation temperature. In other embodiments, the nickel-based catalyst 
may be added prior to reaching that temperature. The agitator 26 may intermix 
the nickel-based catalyst with the fat component, effectively distributing the nickel- 
based catalyst within the fat component. 

[0032] The heater 35 may be used to maintain the temperature of the reactants in the 
vessel interior 24 at the desired activation temperature. If the fat in the fat supply 
50 is unsaturated, contact with the nickel-based catalyst in the presence of 
hydrogen, for example, from the process gas supply 60 will cause an exothermic 
hydrogenation reaction. As a result, the reaction may proceed with no additional 
heat from the heater 35 and the temperature may climb during this hydrogenation 
process. The activation temperature is desirably at least about 100 9 C. It is 
anticipated that the reaction rate may be substantially higher at higher 
temperatures, which may be at least about 150°, e.g., at least about 200° C. In 
one exemplary embodiment, the activation temperature is about 150-200° C. The 
length of time during which the fat is exposed to hydrogen at the activation 
temperature would depend, in part, on the activation temperature. For example, 
the activation process may continue for five minutes or longer, e.g., 5-120 minutes, 
with longer times typically being employed at lower activation temperatures. 

[0033] After heating, the reactants in the vessel interior 24 may be cooled to a lower 
temperature. For example, the reactants may be cooled to room temperature, 
e.g., 20-25° C, for storage and future use or, if the reactants are to be directly 
added to a hydrogenation vessel (124 in Figure 2), to an intermediate temperature, 
e.g., 120° C. It appears that cooling these reactants in a reducing atmosphere 
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(e.g., a hydrogen atmosphere) or a nitrogen atmosphere can significantly improve 
the hydrogenation activity of the activated catalyst composition:. In select 
embodiments of the invention, the cooling is conducted under a superatmospheric 
hydrogen pressure, e.g., two bar. It is anticipated that higher hydrogen pressures 
during cooling may further enhance the hydrogenation activity of the catalyst 
composition.. In one particular embodiment, the reactants are cooled to an 
intermediate temperature close to room temperature, e.g., 35° C, under a 
hydrogen atmosphere, then allowed to cool from the intermediate temperature to 
room temperature in another atmosphere* e.g., air. In one embodiment, the 
intermediate temperature is less than the melting point of the fat in the catalyst 
composition. 

[0034] The activation process may generate gas, e.g., water vapor. This water vapor can 
be removed from the vessel 20, e.g., by venting the headspace through vent line 
28 or via a condensation system (not shown). 

[0035] Aspects of select catalyst activation processes in accordance with the invention 
are illustrated in the following examples: 

Catalyst Activation Example 1 
[0036] A first exemplary catalyst composition was formed by adding 40g of PRICAT 9920 
to a round-bottom 250ml flask. The PRICAT 9920, which is commercially 
available from Johnson Matthey Pic, is nominally about 22 weight percent total 
nickel on an alumina support coated with a hardened vegetable fat as a protective 
medium. The hardened vegetable fat has a melting point (as measured under ISO 
6321, "Melting Point in Open Capillary Tubes (Slip Point)") of about 56-69° C. The 
catalyst composition was heated in the flask at atmospheric pressure with a 
hydrogen gas flow of approximately one liter per minute to a temperature of about 
200° C while stirring. The catalyst composition was stirred at that temperature and 
hydrogen flow rate for about 90 minutes. The hydrogen pressure was increased to 
about two bar and the hydrogen flow was stopped. The catalyst composition was 
cooled to about 20° C, yielding a solid catalyst composition. 
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Catalyst Activation Example 2 

[0037] A second exemplary catalyst composition was formed using substantially the 
same process as that outlined in Catalyst Activation Example 1 , except that about 
40g of coconut oil was added to the flask with the 40g sample of PRICAT 9920. 
The resultant activated catalyst composition was solid at 20° C and the fat in the 
catalyst composition had a melting point of about 50° C. 

Catalyst Activation Example 3 

[0038] A third exemplary catalyst composition was prepared by flowing nitrogen (instead 
of hydrogen) through a bulk quantity of PRICAT 9920 and neutralized, bleached 
soybean oil to a pressure of about 2 bar. The temperature was held at about 110° 
C for about 120 minutes, with the nitrogen atmosphere in the reaction vessel being 
maintained by periodically flushing the headspace of the reaction vessel with 
nitrogen. The final catalyst composition was about 65 weight percent of the 
PRICAT 9920 nickel-based catalyst, about 22 weight percent soybean oil, and 
about 13 weight percent PERLITE, a commercially available filter aid. 

[0039] Once the activation process is complete, the activated catalyst composition may 
be removed from the vessel 20, e.g., via outlet 30. In one embodiment, the 
activated catalyst composition may be delivered directly from the vessel 20 to the 
catalyst composition supply 140 of the hydrogenation system 100, discussed 
below. In such an embodiment, the activated catalyst composition may be 
delivered to the hydrogenation system 100 at an elevated temperature, e.g., at the 
activation temperature or, more generally, about 100-200° C. In other 
embodiments, the activated catalyst composition may be allowed to cool in a 
separate system to a lower temperature, e.g., 20-25° C, and stored for an 
extended period of time. Maintaining a hydrogen atmosphere (or an atmosphere 
of another reducing gas) during cooling may permit longer storage times without 
undue loss in activity. Cooling the activated catalyst compositidn In a nitrogen or 
air atmosphere is expected to work well, though. 

[0040] It has been found, for example, that the low temperature-hydrogenation 
capabilities of the activated catalyst composition of some embodiments can be 
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maintained after storage at 20-25° G for two weeks or longer. It is anticipated that 
this relatively long activated shelf life will enable activated catalyst compositions in 
accordance with embodiments of the invention to be sold commercially to third 
parties for use in hydrogenation reactions. The activated catalyst composition 
may be stored as a relatively large block or may be divided into smaller particles to 
facilitate distribution of the activated catalyst composition in the feedstock to be 
hydrogenated. 

[0041] Other embodiments of the invention provide activated catalyst compositions. In 
certain embodiments, the activated catalyst compositions are prepared in 
accordance with the activation processes outlined above. In an embodiment of 
the invention, the activated catalyst composition is adapted to hydrogenate an 
unsaturated fatty acid component of a seed oil or vegetable oil, for example, at a 
temperature below that conventionally understood to be necessary for commercial 
hydrogenation. Although the catalyst composition may comprise only the nickel- 
based catalyst, activated catalyst compositions in accordance with preferred 
embodiments of the invention include a nickel-based catalyst dispersed in a fat 
matrix. The fat matrix may comprise a substantially saturated triacylglyceride, 
e.g., a hydrogenated fat produced using a short-chain triacylglyceride, seed oil, or 
vegetable oil as the fat component in the activation processes outlined above. 

[0042J The nickel-based catalyst in the activated catalyst composition is adapted to 
sustain, in the presence of hydrogen, a hydrogenation reaction of a composition 
containing polyunsaturated fatty acids at a hydrogenation temperature no greater 
than about 80° C, e.g., no greater than about 70° C, with 50° C or less being 
preferred for many applications. The nickel-based catalyst may be adapted to 
sustain such hydrogenation at a hydrogenation temperature of about 0-80° C, e.g., 
about 20-70° C, with some embodiments sustaining hydrogenation at about 30- 
50° C and others doing so at about 50-70° C. 

[0043] The relative proportions of the nickel-based catalyst and the fat component may 
vary significantly depending on such factors as the nickel content of the nickel- 
based catalyst and the desired total nickel content of the activated catalyst 
composition. In one embodiment, the total nickel content of the activated catalyst 
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composition is no greater than about 25 weight percent and may advantageously 
be 22 weight percent of the catalyst composition. (As used herein, the term "total 
nickel content" refers to the total weight of nickel in the nickel-based catalyst or the 
catalyst composition. For example, if some of the nickel in the nickel-based 
catalyst were present as NiO, the total nickel content would include the weight of 
the nickel in the NiO, as well.) Catalyst compositions having total nickel contents 
as low as about one weight percent may be employed in some circumstances. 
Preferably, though, the total nickel content in the catalyst composition is higher 
than that. Hence, in one embodiment, the total nickel content is about 2-50 weight 
percent, e.g., between about 2 and about 35 weight percent, with a range of about 
2-25 weight percent being useful for many embodiments. 

[0044] The preceding discussion focuses on catalyst compositions comprising nickel- 
based catalysts. The industry-proven selectivity of many nickel-based catalysts is 
believed to be particularly useful in connection with certain types of feedstocks. It 
is anticipated, though, that the processes outlined above may enhance the 
catalytic activity of other hydrogenation catalysts. For example, it is anticipated 
that the catalytic activity of platinum in hydrogenation reactions may be increased 
using aspects of the process outlined above. This may enable hydrogenation 
using lower concentrations of the catalyst, at lower temperatures, or at higher 
rates than may otherwise be achieved. 

[0045] Activated catalyst compositions in accordance with embodiments of the invention 
can be used advantageously in a variety of hydrogenation reactions. For example, 
activated catalyst compositions in accordance with aspects of the invention have 
particular utility in hydrogenation of seed oils and vegetable oils. As explained 
below, these activated catalyst compositions can hydrogenate such oils at 
temperatures lower than conventionally understood to be necessary for 
hydrogenation at commercially acceptable rates, which can limit formation of 
frans-fatty acids. 
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C. Methods for Hvdroqenatina Edible Oils 



[0046] Other embodiments of the invention provide, systems and methods for 
hydrogenating unsaturated feedstocks at reduced temperatures. Figure 2 
schematically illustrates a hydrogenation system 100 that may be used in 
hydrogenating a feedstock in accordance with certain embodiments of the 
invention. This hydrogenation system 100 includes a hydrogenation vessel 120 
including a wall 122 defining a hydrogenation vessel interior 124. A pressure 
control 127 may be used to monitor pressure within the hydrogenation vessel 120 
and control a vent, valve 12S in a vent line 128 adapted to release excess 
. hydrogen gas, water vapor, and other gases from the vessel 120. In one 
embodiment, the vent line 128 may be coupled to a vacuum source 131 to further 
facilitate pressure control. Alternatively, the vacuum source 131 may 
communicate with the vessel interior 124 via a separate vacuum line (not shown). 
An agitator 126, which may be analogous to the agitator 26 of Figure 1 described 
above, may be disposed in the hydrogenation vessel interior 124 to mix the 
reactants within the vessel 120. 

[0047] The hydrogenated product may be removed from the hydrogenation vessel 120 
via an outlet 130. In the catalyst activation system 10 of Figure 1 , the nickel-based 
catalyst was intended to remain within the catalyst composition exiting the 
activation vessel 20 via the outlet 30. In most intended applications of the 
hydrogenated product, it may be desirable to remove the nickel-based catalyst 
from the final hydrogenated product. As is known in the art, a filter 132 may be 
used to remove the nickel-based catalyst from the hydrogenated product exiting 
via the outlet 130. In some embodiments, the nickel-based catalyst removed by 
the filter 132 may be reused, either directly or after further processing. Such 
further processing may comprise, for example, repeating the activation process 
outlined above to reactivate the nickel-based catalyst. 

[0048] The hydrogenation system 100 also includes a temperature probe 134 and a 
thermal control 135 that may be operatively coupled to the hydrogenation vessel 
120. In one embodiment, the thermal control 135 comprises a heat source, e.g., a 
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radiative or conductive heater. In other embodiments, the thermal control 135 may 
instead be used to cool the contents of the hydrogenation. vessel 120, e.g., to 
prevent the contents of the hydrogenation vessel 120 from exceeding a maximum 
desired temperature during the exothermic hydrogenation reaction conducted in 
the vessel 120. 

10049) A controller 170 may be used to control operation of the hydrogenation system 
100. The controller 170 may be operatively coupled to one or more of the agitator 
126, pressure control 127, vent valve 129, vacuum source 131, thermal control 
135, catalyst composition supply 140 (discussed below), feedstock supply 150 
(discussed below), and hydrogen supply 160 (also discussed below). The 
controller 170, like the controller 70 of Figure 1, may comprise at least one 
computer having a programmable processor. The programmable processor may 
be programmed to control operation of the various components of the 
hydrogenation system 100 to appropriately hydrogenate the feedstock. 

[0050] A catalyst composition may be delivered from a catalyst composition supply 140 to 
the hydrogenation vessel interior 124 via a delivery line 142. The catalyst 
composition in the catalyst composition supply 140 desirably comprises an 
activated nickel-based catalyst composition capable of sustaining a hydrogenation 
reaction at a suitably low hydrogenation temperature. In many embodiments of 
the invention, the catalyst composition may comprise an . activated catalyst 
composition such as that described above, including a nickel-based catalyst and a 
fat. 

[0051] An unsaturated fat may be delivered to the interior 124 of the hydrogenation 
vessel 120 via a delivery line 152 from a fat supply 150. A wide variety of 
unsaturated fats may be employed to yield different hydrogenated products. The 
hydrogenation system 100 and the activated catalyst composition in the supply 
140 have particular utility in connection with hydrogenating edible oils of all types. 
The edible oils utilized in some embodiments of the invention are liquid oil from 
seed, vegetable, or marine sources and include, but are not limited to, soybean oil, 
canola oil, corn oil, high oleic sunflower oil, linseed oil, cottonseed oil, and fish oil. 
Other embodiments may utilize semi-solid or solid oils or fats from seed, 
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vegetable, or marine sources and include, but are not limited to, palm oil, coconut 
oil, cocoa butter, tallow, marine fats, and the like. If so desired, the unsaturated fat 
feedstock can be a blend of seed oil(s), vegetable oil(s), and/or marine oil(s). In 
select embodiments, the feedstock comprises a neutralized, bleached seed or 
vegetable oil, though some applications may used deodorized oils. In addition, the 
feedstock need not be triglyceride oil and may instead be a mono- or diglyceride or 
even a free or esterified fatty acid. 

10052] The hydrogenation system 100 also includes a hydrogen supply 160 adapted to 
deliver hydrogen to the reactants in the hydrogenation vessel 120 via a delivery 
line 162. In one embodiment, the hydrogen supply 160 comprises hydrogen gas, 
e.g., a commercial hydrogen gas consisting essentially of hydrogen. In other 
embodiments, the hydrogen supply 160 may include gases other than hydrogen. 
These other gases may be provided in a separate gas supply (not shown). As in 
the case of the process gas supply 60 of Figure 1 , discussed above, the hydrogen 
supply 160 may, for example, include a separate supply of ammonia or other 
nitrogen-containing compound, which may enhance selectivity of the 
hydrogenation reaction. If an edible fat composition is to be produced in the 
hydrogenation system 100, though, it may be advantageous to omit use of 
ammonia or other nitrogen-containing compounds. 

[0053] Figure 2 schematically illustrates a batch-type hydrogenation system 100. In other 
embodiments of the invention, an alternative hydrogenation system may be 
employed to hydrogenate the unsaturated fat feedstock on a continuous basis. 
For example, a nickel-based catalyst may be activated in a fixed or fluidized bed 
and the unsaturated fat feedstock and hydrogen gas may be passed through this 
bed of activated catalyst. 

[0054J Other embodiments of the invention provide methods of hydrogenating an 
unsaturated fat. The following discussion of such methods refers to the 
hydrogenation system 100 of Figure 2. It should be recognized, however, that 
methods in accordance with the invention may be conducted using any suitable 
equipment and the invention is not limited to the specific apparatus shown in 
Figures 1 and 2 and discussed above. 
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[0055] In accordance with an embodiment of the invention, an unsaturated fat feedstock 
is contacted with a nickel-based catalyst in the presence of hydrogen. The relative 
proportions of the feedstock and the catalyst composition added to the 
hydrogenation vessel 120 will depend, at least in part, on the nickel content of the 
catalyst composition. In one embodiment, the total nickel content of the combined 
catalyst composition and feedstock is no greater than 1 weight percent, e.g., 0.01- 
1 weight percent, In one embodiment found to work well, the total nickel content is 
about 0.1-0.3 weight percent of the combined catalyst composition and feedstock. 
The nickel-based catalyst may be dispersed within the feedstock, e.g., by 
activating the agitator 126. Although it may be possible to utilize catalysts in 
addition to the nickel-based catalyst from the activated catalyst composition, it is 
anticipated that, in most embodiments, the activated catalyst composition will be 
substantially the only catalyst source during the hydrogenation of the feedstock. 

[0056] As noted above, the activated catalyst composition may comprise a nickel-based 
catalyst dispersed in a fat matrix, e.g., a fully saturated fat component. If the 
catalyst composition is at a temperature below the melting point of the fat matrix, 
the fat matrix will limit interaction between the nickel-based catalyst and the 
feedstock in the hydrogenation vessel 120. If the catalyst composition is 
employed above its melting point, though, the melted fat matrix may be mixed with 
the bulk of the feedstock, allowing the nickel-based catalyst to intimately mix with 
the feedstock. Accordingly, in one embodiment of the invention, the fat 
component of the catalyst composition has a melting point that is no higher than 
the temperature at which hydrogenation is to be conducted in the hydrogenation 
vessel 120, e.g., no higher than about 50° C. This melting point may be 
determined in accordance with ISO 6321 , mentioned above. 

[0057] In other embodiments, it may be less desirable or less practical to employ a 
catalyst composition in which the fat component has a melting point lower than the 
intended hydrogenation temperature. To ensure adequate commingling of the 
nickel-based catalyst and the feedstock, it is preferable that such a catalyst 
composition be heated to a temperature at least as great as its melting point. 
Advantageously, this may be done prior to mixing the catalyst composition with the 
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feedstock. Hence, in one embodiment the catalyst composition may be delivered 
from the catalyst composition supply 140 to the hydrogenation vessel 120 at a 
temperature greater than the intended hydrogenation temperature. In such an 
embodiment, the catalyst composition supply 140 and/or delivery line 142 may 
include a heater to elevate the temperature of the catalyst composition above the 
melting point of the fat component. This heated catalyst composition may then be 
added to a supply of the feedstock in the hydrogenation vessel 120. The 
feedstock in the hydrogenation vessel 120 may be at a temperature below the 
intended hydrogenation temperature and the addition of the warmer catalyst 
composition can elevate the combined temperature to the intended hydrogenation 
temperature. If further heating is needed to begin the hydrogenation process, the 
thermal control 135 may heat the contents of the hydrogenation vessel 120. 

10058] Alternatively, the catalyst composition may be heated in the hydrogenation vessel 
120 to a temperature at least as great as its melting point prior to the addition of 
the feedstock. In one particular embodiment, the nickel-based catalyst may be 
activated in the same reaction vessel that is used to carry out the hydrogenation 
reaction. Hence, in the context of Figures 1 and 2, 1he feedstock supply 150 and 
the filter 132 may be added to the catalyst activation system 10 and the feedstock 
may be added to the catalyst activation vessel 20 upon completion of the catalyst 
activation process. The activated catalyst composition may be at a temperature 
substantially higher than the intended hydrogenation temperature, but addition of 
the feedstock at a temperature below the intended hydrogenation temperature will 
cool the activated catalyst composition. 

[0059] In one embodiment, hydrogen is introduced to the feedstock in the hydrogenation' 
Vessel 120 before addition of the activated catalyst composition. For example, a 
batch of the feedstock to be hydrogenated may be added to the hydrogenation 
vessel 120, the pressure control 127 may reduce pressure in the hydrogenation 
vessel 120 via vent line 128, and a flow of hydrogen from the hydrogen supply 160 
may be initiated. This will help to de-aerate the feedstock and create a reducing 
environment in the reaction vessel before the activated catalyst composition is 
added to the reaction vessel. De-aerating and introducing hydrogen in this fashion 
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is anticipated to maintain higher hydrogenation activity in the nickel-based catalyst 
and limit frans-fatty acid formation. This may also help limit the impact of some 
impurities in the feedstock, some of which (e.g., sulfur) are expected to have a 
negative impact on the continued catalytic activity of the nickel-based catalyst over 
time. 

[0060] During hydrogenation, the pressure control 127 may be used to control the 
pressure in the hydrogenation vessel 120. As is known in the art, maintaining 
superatmospheric pressures in the hydrogenation vessel 120 can increase 
solubility of the hydrogen in an oil feedstock, facilitating hydrogenation. 
Appropriate pressures may depend, at least in part, on the nature of the feedstock. 
When hydrogenating common seed oils or vegetable oils, for example, the 
pressure in the hydrogenation vessel 120 likely will remain less than 100 bars 
absolute (bar-a), e.g., 50 bar-a or less. In one embodiment, the pressure in the 
hydrogenation vessel 120 during hydrogenation is about 1-30 bar-a. 

[0061] A solvent may be added to reduce viscosity of the feedstock, promoting effective 
introduction and transport of hydrogen-containing gas. That is not believed to be 
necessary for hydrogenating most seed oils, vegetable oils, or marine oils, though, 
and may be disadvantageous when producing an edible fat composition for food 
applications. In one embodiment, therefore, the feedstock is a seed oil, vegetable 
oil, or marine oil and the hydrogenation process is conducted substantially solvent- 
free. 

[0062] Suitable hydrogenation temperatures will depend in part on the nature of the 
feedstock being hydrogenated (e.g., melting point) and the nature of the fat 
composition being produced. In one embodiment the hydrogenation temperature 
is no greater than about 80° C, with initial temperatures of 50° C or less being 
advantageous for hydrogenating seed oils, vegetable oils, or marine oils to 
produce fats for use in margarine, shortening, or the like with a low frans-fatty acid 
content. 

[0063] As noted above, hydrogenation is an exothermic reaction. In some embodiments, 
the hydrogenation is initiated and sustained for a time at a hydrogenation 
temperature in one of the stated temperature ranges, but may increase beyond 
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that range during hydrogenation. For example, the hydrogenation reaction may be 
initiated at a temperature not greater than about 50° C and the temperature may 
be allowed to increase, e.g., about 10-30° C, during the course of the 
hydrogenation reaction. If so desired, the hydrogenation temperature is 
maintained within one of the above-stated temperature ranges (e.g., no greater 
than about 70° C) during the entire hydrogenation process. This may be 
accomplished, for example, by controlling the flow rate of hydrogen from the 
hydrogen supply 1 60 or by cooling the vessel with the thermal control 1 35. 
[0064] One measure for characterizing an average number of double bonds present in 
the fatty acids of an oil is the Iodine Value, which is typically determined by the 
Wijs method (A.O:C.S. Method Cd 1-25), For example, soybean oil typically has 
an Iodine Value of about 125-135 and canola oil typically has an Iodine Value of 
about 97-108. Because hydrogenation saturates the double bonds in the 
triglycerides, a decrease in Iodine Value will serve as a reasonable proxy of a 
measurement of the degree of hydrogenation. As a corollary, therefore, the rate of 
change of the Iodine Value for an oil can serve as a proxy for the rate of 
hydrogenation. 

[0065] The rate of hydrogenation, and the rate at which the Iodine Value changes, may 
decrease as the number of double bonds in the oil decreases. An average Iodine 
Value change rate may be determined by determining the absolute difference 
between the initial Iodine Value of the oil prior to hydrogenation and the modified 
Iodine Value of the hydrogenated oil, and dividing that difference by the 
hydrogenation time. Average Iodine Value change rates of less than about 5/hour 
correspond to hydrogenation rates that are commercially unacceptable for most 
conventional edible hydrogenated fats. Accordingly, in embodiments of the 
invention employed in manufacturing edible fat compositions, for example, the 
average Iodine Value change rate is desirably no less than about 5/hour. Average 
Iodine Value change rates of about 6-60/hour are expected to suffice for many 
commercial hydrogenation processes of edible fats, with average Iodine Value 
change rates of about 10-40/hour, e.g., about 20/hour, being typical for many 
embodiments of the invention. 
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[0066] The hydrogenation system 100 schematically illustrated in Figure 2 is a batch-type 
system. It is contemplated, though, that hydrogenation systems in accordance 
with other embodiments of the invention may hydrogenate fats on a continuous 
basis. 

D. Edible. Partially Hvdroaenated Fats 

[0067] Edible, partially hydrogenated fat compositions in accordance with another 
embodiment may comprise a partially hydrogenated oil, e.g., a partially 
hydrogenated seed oil, vegetable oil, or marine, oil, and, optionally, an aqueous 
component. In select embodiments, the fat in these edible fat compositions may 
be formed by the hydrogenation processes outlined above. 

[0068] One of the purposes of hydrogenating an oil is to improve its stability, e.g., in air. 
Reducing the C18:3 content of oils that include C18:3, e.g., soybean oil or canola 
oil, can significantly improve stability of fats and fat compositions made with the oil. 
Some other oils, e.g., sunflower oil, have relatively little C18:3, but may include 
Ct8:2, another polyunsaturated fatty acid. A number of industry-accepted tests 
determine the oxidative stability of a fat by measuring the "induction period" on a 
RANCIMAT, sold commercially by Metrohm Ltd, of Herisau, Switzerland. One 
exemplary RANCIMAT test is ISO/DIS 6886.2. Refined soybean and sunflower 
oils typically have induction periods at 120° C (referred to below as "R 120") on the 
order of about 3 hours, with refined canola oil having a somewhat longer induction 
time of about 4 hours at the same temperature. Hydrogenating an oil in 
accordance with embodiments of the invention may significantly increase the 
induction period of the hydrogenated fat composition. In some embodiments of 
the invention, for example, the hydrogenation process desirably increases the 
induction period at least four-fold. In select examples, the induction period at 120° 
C is about 20-75 hours or more, which is as much as twenty-five times the 
standard 3-4 hour induction times for soybean, canola, and sunflower oils, for 
example. 

[0069] Conventional wisdom dictates that seed oils or vegetable oils such as soybean or 
canola oils must be hydrogenated at temperatures of 100° C or higher to achieve 
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commercially acceptable hydrogenation. Conventional wisdom also suggests that 
the lowest temperature at which a nickel-based catalyst will initiate hydrogenation 
is about 80° C As noted above, though, hydrogenating seed oils or vegetable oils 
at temperatures of 100° C or greater will increase the frans-fatty acid content in a 
resultant fat to relatively high levels, typically greater than 25 weight percent of the 
fatty acid, with 30-45 weight percent being commonplace for partially 
hydrogenated fats used as a major component of margarine or shortening. 

[0070] Trans-fatty acid content (TFA) as used herein is based upon the typical analytical 
methodology for analyzing the fatty acid profile of fats and oils. TFA content is 
presented as a weight percentage of frans-fatty acids relative to the fat's overall 
content of fatty acids. Therefore, if an oil sample contains only 20 weight percent 
fatty acids but half of these fatty acids existed in the frans-configuration, the TFA 
content would be represented herein as 50 weight percent. 

(0071) Increasingly, health-conscious consumers are looking for fat compositions with 
lower trans content and some industry standards are expected to require frans- 
fatty acid contents for margarine fats of no greater than about 5 weight percent 
and no greater than about 15 weight percent for shortening. The processes of 
some embodiments of the invention permit manufacture of partially hydrogenated 
edible fats having a TFA content of less than about 20 weight percent, preferably 
less than about 15 weight percent. In other embodiments, the TFA content is 
between about 4 and about 20 Weight percent, with a range of about 5-10 weight 
percent being desirable for many embodiments. 

[0072] Hydrogenating seed oils or vegetable oils with an activated catalyst composition in 
accordance with select embodiments of the invention yields partially hydrogenated 
fats with reduced frans-fatty acid levels. In one embodiment, the unsaturated fat 
feedstock comprises an oil in which 6% or more of the fatty acid content is C18:3. 
For example, soybean oils typically have C 18:3 contents on the order of about 7%, 
and canola oils often have C18:3 contents of 9% or higher. Hydrogenating such a 
feedstock with an activated catalyst composition at a reduced hydrogenation 
temperature in accordance with an embodiment of the invention, e.g., 50° C or 
less, can yield a hydrogenated fat that has a solid fat content (explained beiow) of 
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about 20-80 weight percent at typical storage temperatures of about 20° C in 
which no more than about one weight percent (preferably ho. more than about 0.1 
weight percent) of the fatty acid content is C18:3 and no more than about .20 
weight percent {preferably no more than about 15 weight percent) of the fatty acid 
content is frans-fatty acids. 

(0073) Solid fat content will affect many aspects of a fat or a fat composition made 
therewith. For example, the solid fat content at anticipated use and storage 
temperatures, e.g., about 10-20° C, can affect physical properties and/or stability 
of an emulsion. At higher temperatures, e.g., 30°-40° C, the solid fat content can 
affect organoleptic properties such as mouth feel. One known measurement of 
solid fat content at a particular temperature, method NEN-EN-ISO 8292, employs 
nuclear magnetic resonance. A fat in one exemplary embodiment is at least semi- 
solid at 25° C and has a solid fat content measured at 20° C (SFC 20) of no less 
than about 10 weight percent and a solid fat content measured at 30° C (SFC 30) 
of no greater than about 3 weight percent. Another embodiment provides a fat 
that is a pumpable solid at 25° C, has a SFC 20 of no less than about 25 weight 
percent and a SFC 30 of no greater than about 1 5 weight percent. 

[0074] Some commercially available margarines and shortenings employ fats having -a 
frans-fatty acid content of less than 15 weight percent,, with some having a trans- 
fatty acid content of two weight percent or less. These products are typically 
formed by blending and/or interesterification of a fully hydrogenated oil with an 
unhydrogenated oil. For example, U:S. Patent 5,407,695 (the entirety of which is 
incorporated herein by reference) proposes blending a substantially fully 
hydrogenated oil, Le., an oil in which all of the fatty acids have been substantially 
fully saturated, with an unhydrogenated oil, e.g., in a 50/50 blend. European 
Patent Specification EP 0 792 107 B1 (the entirety of which is incorporated herein 
by reference) suggests a fat blend for margarines that is made by fully 
hydrogenating a quantity of an oil, e.g., soybean oil, and interesterifying that with 
an unhydrogenated oil, which may be the same type of oil, e.g., unhydrogenated 
soybean oil. In both of these approaches, the fully hydrogenated product will not 
include double bonds, so it will not include any trans isomers. Hence, the only 
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frans-fatty acid content in such a blend typically would come from the 
unhydrogenated oil. 

[0075] Although fully hydrogenated+liquid ("FH+L") blends (namely, blends in which at 
least one of the blended and/or interesterified fats is fully hydrogenated and at 
least one of the blended and/or interesterified fats is at ieast pumpable) can have 
relatively low C18:3 and frans-fatty acid content, there are some drawbacks. For 
example, FH+L blends tend to have relatively low stability at elevated 
temperatures, e.g., at baking temperatures. Whereas a shortening made using 
conventional partially hydrogenated soybean oil may have a R 120 induction 
period of about 50 hours, some blended shortenings have R 120 induction periods 
of less than 20 hours, e.g., 10 hours. Initial review suggests that a FH+L blend 
employing about 60 weight percent standard hardened soybean oil with a melting 
point of 45 6 C and the balance unhydrogenated canola oils, for example, will have 
induction times on the order of 12 hours. Many commercial baking applications 
call for a shortening with a minimum R 120 induction period of 20 hours or longer, 
limiting the market acceptance of most blends. As noted above, embodiments of 
the invention have induction times of 20 hours or longer, with induction times of 
about 40 hours, e.g., about 50 hours, being achieved in some embodiments; 

[0076] Another drawback of conventional FH+L blends is that their solid fat contents do 
not vary much with temperature. When manufacturing baked goods such as 
pastries, for example, it may be desirable to have a relatively low solid fat content, 
e.g. no greater than about 15 weight percent, at about 35-40° C to avoid a greasy 
mouth feel when eaten. Typical FH+L blends with a SFC 20 of at least about 40 
weight percent may include appreciable solid fats at 40° C, e.g., a FH+L blend with 
40 weight percent fully hydrogenated soy fat may have a SFC 40 of 35 weight 
percent and a FH+L blend including about 60 weight percent fully hydrogenated 
soy fat may have a SFC 40 or 50 weight percent or more. Embodiments of the 
present invention having a SFC 20 of about 40, however, may yield a fat having a 
SFC 40 of about 10 weight percent or less. 

[0077] The ratio of unsaturated c/s-C1 8:y fatty acids (i.e. , C1 8:1 , C1 8:2, and C18:3) to the 
corresponding trans-C\ 8:y fatty acids in a partially hydrogenated oil is an 
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indication of the frans-selectivity of the hydrogenation process. More particularly, 
a higher ratio of unsaturated c/s-C1 8:y. fatty acid content to (rans-C18:y fatty acid 
content suggests a lower likelihood of trans isomerization of an adsorbed carbon- 
carbon double bond at the catalyst surface. Higher ratios of unsaturated c/s-fatty 
acids to frans-fatty acids, therefore, are preferred for many edible fats! 

[0078] As noted above, frans-fatty acids may impact cardiovascular health more 
deleteriously than saturated fats. The ratio of saturated C18 fatty acids to frans- 
fatty acids in a partially hydrogehated fat, therefore, can suggest health-related 
aspects of the fat. A higher ratio of C18 to frans-fatty acid can be considered more 
desirable, at least as long as the C1 8 content is not unduly high. A number of 
edible oils, e.g., soybean oil and canola oil, have C18 contents of 6 weight percent 
or less, e.g., about 4 weight percent or less, prior to hydrogenation. For example, 
one exemplary deodorized, bleached soybean oil has a C18 content of about 4 
weight percent and one exemplary deodorized, bleached canola oil contains about 
two weight percent C18. Hydrogenation tends to increase C18 levels and 
conventional processes can yield C18 levels of 7 weight percent or higher for fats 
having a SFC 20 of about 30 weight percent. Trans-fatty acid content also 
increases during hydrogenation, though, and conventional processes yield at least 
about 36 weight percent frans-fatty acid in such a fat. As a result, conventional 
partially hydrogenated fat typically has more frans-fatty acid than C18, yielding a 
ratio of C18 to frans-fatty acid less than one, most commonly 0 J or less. 

[0079] The ratio of unsaturated c/s-C18:y fatty acids (i.e., C18:1, C18:2, and C18:3) to the 
corresponding frans-C18:y fatty acids in a partially hydrogenated oil is an 
indication of the frans-selectivity of the hydrogenation process. More particularly, 
a higher ratio of unsaturated c/s-C18:y fatty acid content to frans-C18:y fatty acid 
content suggests a lower likelihood of trans isomerization of an adsorbed carbon- 
carbon double bond at the catalyst surface. Higher ratios of unsaturated c/s-fatty 
acids to frans-fatty acids, therefore, are preferred in many edible fats. 

[0080] One useful embodiment of the invention provides a partially hydrogenated edible 
fat (e.g., soy or canola oil) that has a solid fat content of about 20-80 weight 
percent at about 20° C; has a C18:3 content of about one weight percent or less, 
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e.g., no greater than about 0.1 weight percent; and includes no more than about 
20 weight percent, e.g., no more than about 15 weight percent, of frans-fatty acids. 
This fat may also have a ratio of unsaturated c/s-C18:y fatty acids to frans-C18:y 
fatty acids (abbreviated below as CFA : TFA) of at least about two, with a ratio of 
about 3 or greater, e.g., about 4 or more, being desirable. One particular 
embodiment has a CFA : TFA ratio of at least about 6. Typically, conventional 
partially hydrogenated edible soybean and canola fats having similar rheology and 
C18:3 content will have CFA : TFA ratios of less than 2, with some being less than 
one. 

[0081] As noted previously, FH+L blends tend to be less stable than similar partially 
hydrogenated fats. Very high CFA : TFA ratios are commonly associated with 
FH+L blends, which typically have CFA : TFA ratios of at least about 15, often 25 
or higher. Hence, the CFA : TFA ratio in select embodiments of the invention is no 
greater than about 13, e.g., about 10 or less. 

[0082] Another embodiment of the invention provides a partially hydrogenated edible fat 
that has a SFC 20 of at least about 20 weight percent, desirably 25 weight percent 
or higher, and includes no more than about 20 weight percent, e.g., no more than 
about 15 weight percent, of frans-fatty acids. This fat may also have a ratio of 
saturated C1 8 to frans-C18:y fatty acid (abbreviated below as C18 : TFA) of at 
least about one, eig., about two or higher. In some embodiments of the invention, 
the C18 : TFA ratio is at least about 2.5, e.g., 4.0 or greater. Some particular 
embodiments have a C18 : TFA ratio of 5 or higher.. This is in contrast to 
conventionally hydrogenated soybean and canola fats with SFC 20 of 20 weight 
percent or higher, which typically have a C18 : TFA ratio of less than 0.5, with 
ratios on the order of about 0.3 or less being commonplace. For example, the 
conventionally hydrogenated soybean fat S180 with SFC 20 of 26 weight percent 
had a C18 : TFA ratio of about 0.15 (See Table A2). Conventional partially 
hydrogenated canola fats with SFC 20 of at least 20 weight percent typically have 
C18 : TFA ratios below 0.25. Sample C180, for example, had a C18: TFA ratio of 
about 0.21 at a SFC 20 of 24 (See Table B2). Although other oils may be used, 
some particularly useful implementations of this embodiment comprise partially 
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hydrogenated soybean fat, partially hydrogenated canola fat, or a partially 
hydrogenated blend of soybean and canola fats. 

[0083J FH+L blends commonly have C18 : TFA ratios of at least about 25 and may be 30 
or higher. Such blends are generally considered less stable than partially 
hydrogenated oils. Hence, the C18 : TFA ratio in select embodiments of the 
invention is no greater than about 10, with C18 : TFA ratios of about 8 or less 
being useful for a number of applications. 

[0084] The solid fat content is one of the most commonly specified parameters of a 
partially hydrogenated fat to be used either alone (e.g., as a shortening) or as a 
component of a fat composition (e.g., a component of margarine). As noted 
above, embodiments of the invention have a solid fat content at 20° C (SFC 20) of 
about 20-80 weight percent, desirably about 30-70 weight percent. Increasing the 
solid fat content from the lower end of this range typically requires more thorough 
hydrogenation, which, in turn, can increase the frans-fatty acid content of most 
conventionally hydrogenated oils. Accordingly, a ratio of the solid fat content at a 
particular temperature to the frans-fatty acid content is indicative of the efficiency, 
from a TFA content perspective, of achieving a desired solid fat content. For 
example, a relatively high ratio of the SFC 20 to the TFA content suggests that a 
particular solid fat content target may be achieved while keeping the TFA content 
within acceptable levels. The same can be said of the solid fat content at other 
temperatures, e.g., the ratio of the SFC 30 to the TFA content (referred to below 
as SFC 30 : TFA). Comparing these ratios at two different temperatures can be 
particularly instructive for defining the rheology of a low frans-fatty acid fat. 

[0085] Embodiments of the present invention have a SFC 20 : TFA, of at least about two, 
e.g., at least about 4, for partially hydrogenated fats having a SFC 20 of at least 
about 25. In select embodiments, particularly those including a higher solid fat 
content, e.g., greater than 40 weight percent solid fats at 20°C, the SFC 20 : TFA 
ratio may be 5 or higher with select embodiments having a minimum SFC 20 : TFA 
ratio of about 6. In some useful embodiments in the invention, the fat has a SFC 
20 of between about 25 and about 40 weight percent and has a SFC 20 : TFA 
ratio of at least about two, with select embodiments having a minimum SFC 20 : 
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TFA ratio of 3, e.g., 4 or higher, optionally 5 or higher. In other embodiments of 
the invention in which the fat has a SFC 20 of about 40-60 weight percent, the 
SFC : TFA ratio is at least about 4, e.g., 5 or higher. These numbers are 
particularly well suited to partially hydrogenated soy fats and canola fats, for 
example. 

[0086] Further embodiments of the invention have a SFC 30 : TFA ratio of at least about 
one, preferably two or higher, for a fat having a SFC 20 of at least about 10 weight 
percent. In select embodiments, the SFC 30 : TFA ratio is at least about 2.5, e.g., 
3 or higher, for a partially hydrogenated fat, e.g., a partially hydrogenated soy fat 
or canola fat, having a SFC 30 of about 10-45 weight percent. 

[0087] The fatty acid profiles of fats of the invention will depend to a significant extent on 
the nature of the oil being hydrogenated. The following will summarize some 
exemplary embodiments of the invention using specific starting oils. In each of 
these particular embodiments, the partially hydrogenated fat has a solid fat content 
of about 20-80 weight percent at about 20° C. 

[0088] Soybean Oil: The partially hydrogenated fat in one exemplary embodiment of the 
invention comprises a partially hydrogenated soy fat with a TFA content of about 

4- 20 weight percent, preferably no more than about 15 weight percent, e.g., about 

5- 10 weight percent. In one implementation of this embodiment, the partially 
hydrogenated soy fat has a SFC 20 of about 25-60 weight percent and a SFC 20 : 
TFA ratio of at least about two, preferably about 4 or higher, e.g., 5 or higher and 
optionally at least about 6. In another implementation, a partially hydrogenated 
soy fat having a SFC 30 of about 10-45 may have a SFC 30 : TFA ratio of at least 
one, desirably about two or higher, e.g., 2.5 or higher and optionally 3 or higher. 
Another adaptation of this embodiment provides a soy fat that has been partially 
hydrogenated to have a SFC 20 of at least about 25 weight percent such that the 
ratio of the absolute value of the decrease in Iodine Value to the fransrfatty acid 
content on a weight percent basis (dIV : TFA) is at least about 5, e.g., 7.5 or 
higher, with select embodiments having a dIV : TFA ratio of about 9 or higher. In 
another implementation of this embodiment, the CFA: TFA ratio is at least about 
two, e.g.,. 3 or higher. In select implementations, this ratio is at least about 4, e.g., 
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5 or higher. In some embodiments, the CFA : TFA ratio may also be no greater 
than about 13, e.g., about 10 or less! In another implementation, the C18 : TFA 
ratio is at least about one, e.g., at least about two, with select embodiments having 
a C18 : TFA ratio of 3 or greater, e.g., about 4 or greater. If so desired, the C18 : 
TFA ratio may also be no greater than about 10, e.g., about 8 or less. 
Embodiments having a R 120 induction period of at least about 25 hours, 
preferably about 40 hours or longer, may be particularly utile, e.g., as a frying or 
bakery shortening. 

[0089] Canola Oil: Another exemplary embodiment of the invention provides a partially 
hydrogenated canola fat with a TFA content of about 4-20 weight percent, 
preferably no more than about 15 weight percent, e.g., about 5-10 weight percent. 
In one implementation of this embodiment, the partially hydrogenated canola fat 
has a SFC 20 of about 25-60 weight percent and a SFC 20 : TFA ratio of at least 
about two, e.g., at least about 3, desirably at least about 4 and optionally about 6 
or greater. One other adaptation of the embodiment provides a partially 
hydrogenated canola fat with a SFC 30 of about 10-45 weight percent and a SFC 
30 : TFA ratio of at least about two, e.g., at least about 2.5, with select 
embodiments having a SFC 30 : TFA ratio of 5 or greater. In another adaptation 
of this embodiment, the partially hydrogenated canola fat has a SFC 20 of about 
25-60 and a dIV : TFA of at least about 4, e.g., 5 o4 higher, with select 
embodiments having a dIV : TFA ratio of at least about 8, e.g., 10 or higher. The 
CFA : TFA ratio is at least about 3, e.g., 4 or higher. In select implementations, 
this ratio is at least about 5, with CFA : TFA ratios of 7 or higher deemed 
particularly useful. If so desired, the CFA : TFA ratio may also be no greater than 
about 15, e.g., about 1 2 or less. In another implementation, the €18 : TFA ratio is 
at least about one, e.g., at least about two, with select embodiments having a C18 
: TFA ratio of 3 or greater, e.g., 4 or greater. If so desired, the C18 : TFA ratio 
may also be no greater than about 15, e.g., about 10 or less. Embodiments 
having a R 120 induction period of at least about 25 hours, preferably about 40 
hours or longer may be particularly utile, e.g., as a frying shortening. 
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[0090] Sunflower Oil: Partially hydrogenated sunflower fat in accordance with some 
embodiments of the invention have fatty acid profiles that depend on whether the 
oil is a "conventional" or "high-oleic" variety. As used herein, a conventional 
sunflower oil has a C18:1 (oleic acid) content less than 77 weight percent prior to 
hydrogenation; high-oleic sunflower oil has a C18:1 content of at least about 77 
weight percent prior to hydrogenation. A sunflower fat made by partially 
hydrogenating a conventional sunflower oil may have a TFA content of about 4-20 
weight percent, preferably no more than about 15 weight percent, e.g., about 5-10 
weight percent. In an alternative embodiment that employs a high-oleic sunflower 
oil, the resultant partially hydrogenated sunflower fat has a TFA content of about 
4-15 weight percent, e.g., no more than about 10 weight percent. The partially 
hydrogenated sunflower fat may have a SFC 20 of about 20-80 weight percent 
and a SFC 20 : TFA ratio of at least about two and it may also have a SFC 30 of 
about 10-45 weight percent and a SFC 30 : TFA ratio of at least about two. In 
another adaptation, the partially hydrogenated sunflower fat has a SFC 20 of 
about 20-80 weight percent and a dIV : TFA ratio of at least about 5, e.g., about 8 
or higher, with select embodiments having a dIV : TFA ratio of 10 or higher. The 
CFA : TFA ratio may be at least about 4, e.g., 5 or higher, and may optionally be 
no greater than about 20, e.g., no more than about 15. In another aspect, a 
partially hydrogenated sunflower fat ih accordance with an embodiment of the 
invention may have a C18 : TFA ratio and is at least about one, e.g., at least about 
two, with some particular implementations having a C18 : TFA ratio of 3 or greater. 
If so desired, the C18 : TFA ratio may also be no greater than about 20, e.g., 
about 15 or less. Some embodiments of the invention also provide a partially 
hydrogenated sunflower fat that has a R 120 induction period of 25 hours or 
longer, e.g., at least about 40 hours. 

[0091] Palmolein: A partially hydrogenated palmolein fat in other embodiments of the 
invention has SFC 20 of 40 weight percent or more and contains no more than 
about 10 weight percent, e.g., no more than about 5 weight percent frans-fatty 
acids. In one implementation of this embodiment, The SFC 20 : TFA ratio is at 
least about 4, e.g., 8 or higher, and preferably at least about 10. Other 
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embodiments provide partially hydrogenated palmolein fat with a SFC 20 of 40 
weight percent or more and a dIV : TFA ratio of at least about two, e.g., 4 or 
higher. The CFA : TFA ratio may be at least about two and, optionally, no greater 
than about 15. The C18 : TFA ratio of a partially hydrogenated palmolein fat in 
another embodiment is at least about two, e.g., 3 or higher, and may optionally be 
no greater than about 20, e.g., about 15 or less. Other embodiments of the 
invention provide a partially , hydrogenated palmolein fat with a R 120 induction 
period of at least about 25 hours, e.g., 40 hours or longer. 

[0092] Palmoil: A further embodiment of the invention provides a partially hydrogenated 
palmoil fat having a SFC 20 of at least about 40 weight percent and contains no 
more than about 10 weight percent, e.g., 5 weight percent or less, frans-fatty 
acids. In one particular implementation, the palmoil fat has a SFC 20 of at least 
about 50 weight percent and a SFC 20 : TFA ratio of at least about 6, e.g., about 
10 or higher. The dIV ; TFA ratio may be at least about one, preferably two or 
higher, with dIV : TFA ratios of at least about 3 being preferred for many 
applications. The partially hydrogenated palmoil fat may have a CFA : TFA ratio of 
at least about 3 and, optionally, may be no greater than about 20. In some 
implementations, the C18 : TFA ratio may be at least about two, e.g., 3 or higher, 
and optionally no greater than about 20, e.g., about 15 or less. Palmoil fats in 
some embodiments of the invention may have a R 120 induction period of 25 
hours or longer, e.g., at least about 40 hours. 

[0093] Corn Oil: Still another embodiment of the invention provides a partially 
hydrogenated corn fat with a SFC 20 of 20-80 weight percent and containing no 
more than about 20 weight percent, preferably no more than about 15 weight 
percent, of frans-fatty acids. 

[0094] The following examples illustrate aspects of select feedstock hydrogenation 
processes and edible hydrogenated fats in the context of hydrogenating refined 
seed oils: 
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Hydroaenation Example A - Soybean Oil 

[0095] About 15 metric tons of neutralized, bleached soybean oil was charged into a 
commercial hydrogenation reactor, heated to about 45° C, and flushed with 
hydrogen. About 120 kg (0.8 weight percent) of an activated catalyst composition 
substantially similar to the third exemplary catalyst composition mentioned above 
was mixed with the soybean oil to form a slurry. The slurry was hydrogenated at 
about 50-60° C with an iodine value drop of about 10 per hour (as approximated 
by the rate of hydrogen gas uptake) at a pressure of about 20 bar. Samples 
quantities were taken periodically at times estimated to yield a hydrogenated fat 
having a SFC 20 at a target weight percent, e.g., 10, 25, 45, and 70 weight 
percent. 

[0096] This process was repeated for a second batch of neutralized, bleached soybean 
oil, but with a couple of variations. In particular, the second batch included about 
30 kg (0.2 weight percent, versus about 0.8 weight percent) of the same catalyst 
composition and was hydrogenated at a temperature of about 72-90° C (versus 
about 50-60° C). 

[0097] For purposes of comparison, a third batch of neutralized, bleached soybean oil 
was hydrogenated in a more conventional fashion. This batch included about 0.08 
weight percent of commercial PRICAT 9920 and was hydrogenated at about 180° 
C and a pressure of about 3 bar-a at an iodine value drop of about 20 per hour. 

[0098] Tables A1 - A4 list select physical properties and aspects of the fatty acid profile 
of the soybean oil at selected points during the course of hydrogenation, with the 
data under the heading S180 corresponding to the conventional hydrogenation at 
180° C, the data under the heading S50 corresponding to the 50° C 
hydrogenation, and the data under the heading S72 corresponding to the 72° C 
hydrogenation: 

Table A1 - Target SFC 20 of about 10 wt. % 





S180 


S50 


S72 


Iodine Value 




93 


94 


85 


Slip Melting Point 


(°C) 


25 
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TFA 


(wt. %) 


22 


5 


10 


CFA 


(wt. %) 


60 


70 


66 


CFA : TFA 




2.73 


14 


6.6 


C18 : TFA 




0.23 


2.6 


1.2 


SFG 20 : TFA 




0.36 


1.4 


0.70 


SFC 30 : TFA 




0.09 


0.60 


0.20 


dIV : TFA 




1.9 


8.2 


5.0 
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Table A2 - Target SFC 20 of about 25 wt. % 





S180 


S50 


S72 


Iodine Value 




81 


69 


63 


Slip Meltina Point 


(° C) 


30 






MDP 


(° C) 




43 


41 


Solid Fat Content 










SFC 10 


(Wt. %) 


53 


40 


44 


SFC 20 


(wt. %) 


26 


25 


25 


SFC 30 


iwt %i 
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11 
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C 18:1 Total 


(wt. %) 


72 


50 


61 


C 18:2 Total 


(wt.%) 


10 


\ 15 


6 


C 18:3 Total 


(wt. %) 


1 


0 


0 


TFA 


(wt. %) 


34 


7 


13 


CFA 


(wt. %) 


49 


58 


55 


CFA : TFA 




1.4 


8.3 


4.2 


C18 : TFA 




0.15 


3.3 


1.6 


SFC 20 : TFA 




0.76 


3.6 


1.9 


SFC 30 : TFA 




0.15 


1.9 


0.85 


dIV : TFA 




1.6 


9.4 


5.5 
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Table A3 - Target SFC 20 of about 40 wt. % 





S180 


S50 


S72 


Iodine Value 




72 


55 


45 


Slip Melting Point 


(° C) 


35 






MDP 






49 


48 


Solid Fat Content 










SFC 10 


(wt. %) 


68 


59 


62 


SFC 20 


(wt. %) 


42 


42 


42 


SFC 30 


fwt %\ 
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26 
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C 18:1 Total 
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77 


50 


57 


C 18:2 Total 


(wt. %) 


3 


7 


3 


C 18:3 Total 


(wt. %) 


0 


0 


0 


TFA 


(wt. %) 


45 


8 


14 


CFA 


(wt. %) 


49 


58 


40 


CFA : TFA 




1.4 


8.3 


2.9 


C18:TFA 




0.15 


3.3 


2.0 


SFC 20 : TFA 




0.93 


5.3 


3.0 


SFC 30 : TFA 




0.33 


3.3 


1.7 


dIV : TFA 
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Table A4 - Target SFC 20 of about 60 wt. % 





S180 


S50 


S72 


Iodine Value 




62 


46 


48 


Slip Meltina Point 


(° C) 


42 






MDP 


1° C) 




52 


49 


Solid Fat Content 










SFC 10 


(wt. %) 


86 


70 


75 


SFC 20 


(wt. %) 


69 


60 


58 


SFC 30 


fwt %^ 


38 


42 
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/v / 


66 


45 


53 


C 18:2 Total 


(wt.%) 


3 


4 


2 


C 18:3 Total 


(wt. %) 


0 


0 


0 


TFA 


(wt. %) 


39 


9 


14 


CFA 


(wt. %) 


30 


40 


40 


CFA : TFA 




0.77 


4.4 


2.9 


C18:TFA 




0.49 


4.3 


2.4 


SFC 20 : TFA 




1.8 


6.7 


4.1 


SFC 30 : TFA 




0.97 


4.7 


2.6 


dIV : TFA 




1.9 


9.9 


6.2 



[0099] Figure 3 is a plot of variation of the frans-fatty acid content with the Iodine Value 
for each of these three batches. This figure graphically highlights the remarkable 
difference in frans-fatty acid content of conventionally hydrogenated soybean oil 
and the soybean oil hydrogenated in accordance with embodiments of the 
invention. The frans-fatty acid content of the conventionally hydrogenated oil 
increases quite rapidly from an initial value of nearly ti weight percent to greater 
than 40 weight percent. Neither of the batches hydrogenated with a catalyst 
composition in accordance with embodiments of the invention exceed 13 weight 
percent, less than a third of the maximum for the conventionally hydrogenated 
product. The S50 batch had a frans-fatty acid content of about 8 weight percent, 
about one fifth that of the conventional S1 80 batch. 
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[00100] A partially hydrogenated soybean fat in accordance with one embodiment of the 
invention has a solid fat content at 20°C of at least about 20 weight percent (e.g., 
about 20-80 weight percent) and a frans-fatty acid content of no greater than about 
15 weight percent, more desirably no greater than about 10 weight percent. Both 
the S50 and the S72 batches have frans-fatty acid content of less than 15 weight 

« 

percent throughout the measured range of Iodine Values. Likely because of its 
lower hydrogenation temperature, the S50 batch maintains an even lower frans- 
fatty acid content, with a maximum of 8 weight percent. As discussed above, 
hydrogenation in select embodiments is conducted at a temperature no greater 
than about 80° C, e.g., 50° C or less. Figure 3 demonstrates that the S50 batch 
consistently maintained a frans-fatty acid content below that of the S72 batch, 
[ooioi] The S50 batch also demonstrates that embodiments of the invention can reduce 
the Iodine Value of an oil by more than 50 (from 135 to 80) in an industrial setting 
while increasing the frans-fatty acid content by no more than about 6 weight 
percent. In particular, the ratio of the absolute value of the decrease in Iodine 
Value to the increase in frans-fatty acid content on a weight percent basis (dIV : 
TFA in Tables A1-A4) is between 9 and 10 for this particular experimental 
example. Although this ratio varies somewhat over the course of hydrogenation, 
the ratio starts out quite high (about 15) then remains generally between about 9 
and about 1 1 over the course of the measured Iodine Values. The dIV : TFA ratio 
for the S72 batch remains above 5 over the range of measured values, but the 
conventionally hydrogenated S180 never exceeded about two over the same 
range. Since the change in Iodine Value correlates to the degree of hydrogenation, 
a higher dIV : TFA ratio is desirable in that less frans-fatty acid is present at the 
sarhe degree of hydrogenation. In one embodiment of the invention, the dIV : TFA 
ratio is at least about 5, e.g., about 7 or greater, for partially hydrogenated fats 
having a SFC 20 of about 20-80 weight percent; such a fat having a dIV : TFA 
ratio of at least about 9 is expected to be useful for many applications. 
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Hydroaenation Example B - Canola Oil 
[00102] About 15 metric tons of neutralized, bleached, deodorized canola oil was charged 
into a commercial hydrogenation reactor, heated to about 45° C, and flushed with 
hydrogen. About 60 kg (about 0.4 weight percent) of an activated catalyst 
composition substantially similar to the third exemplary catalyst composition 
mentioned above was mixed with the canola oil to form a slurry. The slurry was 
hydrogenated at about 45° C with an Iodine Value drop of about 10 per hour at a 
pressure of about 20 bar. Samples were taken periodically at times estimated to 
yield a hydrogenated fat having a SFC 20 at target weight percents of 10, 20, 35, 
and 55 weight percent. This process was repeated for a second batch of 
neutralized, bleached, deodorized canola oil, but the second batch included about 
15 kg (0.1 weight percent versus about 0.4 weight percent) of the same activated 
catalyst composition and was hydrogenated at a temperature of about 72° C 
(versus about 45° C). A third batch of neutralized, bleached, deodorized canola oil 
was hydrogenated in a more conventional fashion. This batch included about 0.12 
weight percent of commercial PRICAT 9920 and was hydrogenated at about 180° 
C and a pressure of about 4 bar-a at an Iodine Value drop of about 20 per hour. 
[001031 Tables B1 - B4 list certain physical properties and aspects of the fatty acid profile 
of the canola oil at selected points during the course of hydrogenation, with the 
data under the heading C180 corresponding to the conventional hydrogenation, 
the data under the heading C45 corresponding to the 45° C hydrogenation, and 
the data under the heading C72 corresponding to the 72° C hydrogenation: 
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Table B1 - Target SFC 20 of about '5 wt. % 





C180 


C45 


C72 


Iodine Value 




82 


81 


.80 


Slip Melting Point 


(° C) 


24 
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_ 
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Solid Fat Content 










SFC 10 


(wt. %) 


15 


15 


14 


SFC 20 


(wt. %). 


4 


7 


5 
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(wt %) 


1 


3 


1 


SFC 40 


(wt %) 


0 


1 


1 
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5 


5 


5 


C 18 


/Of 


5 


13 


11 


C18:1 Total 


(wt. %) 


79 


65 


69 


C 18:2 Total 


(wt. %) 


8 


11 


10 


C18:3 Total 


(wt. %) 


0 


2 


1 


TFA 


(wt. %) 


25 


4 


6 


CFA 


(wt. %) 


65 


75 


75 


CFA : TFA 




2.6 


17.8 


12.5 


C18:TFA 




0.20 


3.3 


• 1.8 


SFC 20 : TFA 




0.16 


1.8 


0.83 


SFC 30 : TFA 




0.04 


0.75 


0.17 


dIV : TFA 




0.92 


6.0 


4.2 



[33449-8010-US0O00/SLO401 10.007] 



-39- 



20 Feb 04 



Table B2 - Target SFC 20 of about 20-25 wt. % 





C180 


C45 


C72 


Iodine Value 




77 


65 


64 


Slip Meltina Point 


(° C) 


28 






MDP 


1° C) 




41 


31 


Solid Fat Content 










SFC 10 


(wt. %) 


47 


33 


37 


SFC 20 


(wt. %) 


24 


21 


21 


SFC 30 




5 


10 


10 


SFC 40 


iWt %^ 


0 


3 


3 


rally rv-»iu oui 1 i|JUoiliUI 1 










C 16 


/vwf 0/\ 


5 


5 




C 18 


/\wf 0/ \ 
^Wl. /0 / 


8 


23 


22 


C 18:1 Total 


(wt. %) 


77 


62 


65 


C 18:2 Total 


(wt.%) 


6 


6 


4 


C 18:3 Total 


(wt.%) 


0 


0 


0 


TFA 


(wt. %) 


38 


5 


9 


CFA 


(wt. %) 


50 


64 


61 


CFA : TFA 




1.3 


12.8 


6.8 


C18.TFA 




0.21 


4.6 


2.4 


SFC 20 : TFA 




0.63 


4.2 


2.3 


SFC 30 : TFA 




0.13 


2.0 


1.1 


dIV : TFA 




1.4 


8.0 


4.6 
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Table B3 - Target SFC 20 of about 30-35 wt. % 





C180 


C45 


C72* 


Iodine Value 




74 


60 


58 


SliD Meltina Point 


C C) 
\ w 


32 






MDP 






44 


37 

w • 


Solid Fat Contpnt 










SFC 10 


(wt. %) 


58 


44 


51 


SFC 20 


(wt. %) 


35 


30 


34 


SFC 30 


yni. /o) 


11 


.17 


18 


SFC 40 


(wt %\ 


0 


7 

f 




Fiift\/ Ar*iH f^nmrM^cif ion 
rally ML.IU oUlnpUolUUll 










P 1fi 


A.rf 0/ \ 








P 1ft 

O I o 


(Wl. To J 


1 1 






C 18:1 Total 


(wt. %) 


/ SJ 


oo 


RO 


C 18:2 Total 


(Wt. %) 


5 


5 


2 


C 18:3 Total 


(Wt. %) 


0 


0 


0 


TFA 


(Wt. %) 


50 


6 


10 


CFA 


(Wt. %) 


34 


58 


53 


CFA : TFA 




0.68 


9.7 


5.3 


C18 : TFA 




0.22 


4.8 


• 2.9 


SFC 20: TFA 




0.70 


5.0 


3.4 


SFC 30 : TFA 




0.22 


2.8 


1.8 


dIV : TFA 




1.6 


7.5 


4.7 
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Table B4 - Target SFC 20 of about 55-60 wt. % 





C180 


C45* 


C72 


Iodine Value 




65 


43 


49 


Slip Melting Point 


(° C) 


37 






MDP 


(° C) 




52 


46 


Solid Fat Content 










SFC 10 


(wt. %) 


82 


69 


73 


SFC 20 


(wt. %) 


57 


60 


54 


SFC 30 


(wt. %) 


24 


42 


35 


SFC 40 


(wt. %) 


4 


24 


16 


Fatty Acid Composition 










C 16 


(wt. %) 


5 


6 


6 


C 18 


(wt. %) 


16 


44 


38 


C 18:1 Total 


(wt. %) 


73 


46 


52 


C 18:2 Total 


(wt.%) 


1 


1 


1 


C 18:3 Total 


(wt. %) 


0 


0 


0 


TFA 


(wt. %) 


47 


6 


11 


CFA 


(wt. %) 


30 


42 


44 


CFA : TFA 




0.64 


7.0 


4.0 


C18:TFA 




0.34 


7.3 


3.5 


SFC 20 : TFA 




1.2 


10 


4.9 


SFC 30 : TFA 




0.51 


7.0 


3.2 


dIV : TFA 




1.2 


10 


5.1 



[00104] The frans-fatty acid content is plotted against Iodine Value for each of these three 
batches in Figure 4. As in the preceding example employing soybean oil, the 
difference between the conventional hydrogenation and hydrogenation in 
accordance with embodiments of the invention is striking. The conventionally 
hydrogenated oil shoots up rapidly from an initial frans-fatty acid content of about 1 
weight percent to more than 50 weight percent, i.e., more than half of the fatty acid 
content is frans-fatty acid. Over this period, the dIV : TFA ratio remains below 1. 
After reaching a high of over 50 weight percent frans-fatty acid, the frahs-fatty acid 
content drops as continued hydrogenation converts some of the frans-fatty acids 
into saturated fatty acids. In contrast, the dIV : TFA ratio for the C45 batch starts 
at about 15 and remains between about 8 and about 11 over the rest of the range 
of measured values and the dIV : TFA ratio for the C72 batch starts at about 7.5 
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and remains between about 4 and about 6 over the rest of the range of measured 
values. The sharply higher dIV : TFA ratios for the C45 and C72 batches indicate 
that much less frans-fatty acid was produced for a given degree of hydrogenation 
than in conventional canola oil hydrogenation. 

[00105] Both the C45 and C72 batches had a maximum frans-fatty acid content of well 
under 15 weight percent over the measured range, with the C72 batch remaining 
no greater than about 10 weight percent frans-fatty acid for an Iodine Value 
change of almost 50 (from 105 to 60) even with a starting oil containing about 1 
weight percent frans-fatty acid. Of particular note, the C45 sample did not exceed 
6 weight percent frans-fatty acid at any point over the measured range, suggesting 
that the hydrogenation process never generated more than 5 weight percent frans- 
fatty acid. This is a full order of magnitude less than the peak frans-fatty acid 
content of the conventionally hydrogenated sample. 

[00106] These examples suggest that aspects of the low-temperature hydrogenation 
processes outlined above can be used beneficially for a variety of products. In the 
context of edible fats, for example, embodiments of the invention provide products 
that often have frans-fatty acid contents less than 15, e.g., no more than about 10, 
which can be less than half, and as little as 10%, of the frans-fatty acid content 
produced in a more conventional process. In addition, the ratio of c/s- to trans- 
C18:y acids in embodiments of the invention is often ait least about double the 
same ratio for a more conventionally processed product. Both of these factors 
suggest that embodiments of the invention have a better trans selectivity than 
conventional processes. Further embodiments of the invention also yield partially 
hydrogenated edible fats having a ratio of saturated C18 to frans-fatty acids at 
least about double, and commonly 5-10 times, that of analogous conventionally 
hydrogenated products! 

E. Edible. Partially Hvdroaenated Fat Compositions 

[00107] Further embodiments of the invention contemplate fat compositions that may 
incorporate partially hydrogenated fats such as those discussed in Section D. As 
noted above, the hydrogenated fats may be at least semi-solid at about 20-25° C, 
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with a SFC 20 of about 20-80 weight percent, preferably about 25-75 weight 
percent, and a frans-fatty acid content of no greater than about 20 weight percent, 
e.g., 4-20 weight percent, preferably no greater than about 15 weight percent, e.g., 
5-10 weight percent. Such fats may be used in a wide variety of fat compositions, 
including but not limited to margarines, spreads, shortenings, bakery fats, cream 
filling fats, frying fats, choco spreads, powdered fats, and animal feeds. 

[00108] One embodiment of the invention provides a shortening composition that 

includes a partially hydrogenated shortening fat having a SFC 20 of about 20-80 
weight percent and a frans-fatty acid content of no more than about 20 weight 
percent, e.g., about 4-20 weight percent, and preferably no more than about 15 
weight percent, e.g., about 5-1 0 weight percent. This shortening fat may comprise 
one of the fats outlined above, e.g., a partially hydrogenated soy fat or canola fat 
in accordance with the embodiments outlined in Section D above. The shortening 
composition may also include a variety of other ingredients commonly employed in 
edible shortenings and may be blended with those ingredients in known 
processes. For example, the shortening fat may comprise a partially 
hydrogenated fat as noted above and another fat, e.g., a food oil, a partially 
hydrogenated food oil, or a fully hardened food oil. The shortening composition ' 
may employ any of a variety of known antioxidant systems, e.g., tocopherol, 
TBHQ, BHT, or propyl gallate. It may also include metal scavengers such as citric 
acid, phosphoric acid, and EDTAto increase the stability of the shortening 
composition. The shortening composition may also be blended with one or more 
conventional shortening emulsifiers, typically by physical blending. These 
emulsifiers include, for example, lecithin, diacetylated tartaric acid esters of 
monodiglycerides, and sodium stearoyl lactylate. 

[00109] Another embodiment of the invention provides a margarine or spread composition 
that includes a margarine fat in accordance with an embodiment of the invention. 
Such a margarine fat desirably has a SFC 20 of about 20-80 weight percent and a 
frans-fatty acid content of no more than about 20 weight percent, preferably about 
4-15 weight percent, e.g., about 5-10 weight percent. If so desired, the margarine 
fat may also include a structuring fat. Such structuring fats are well known in the 
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art and may include, for example, lauric fats, e.g., palmoil, palmolein, coconut oil, a 
stearin fraction of such an oil, or interesterified mixtures of such oils. The 
margarine fat may, in addition to or instead of the structuring fat, include a 
hardstock fat, such as a fully hardened edible oil. The margarine or spread 
composition may include the margarine fat and a dispersed aqueous phase and 
have a plastic rheology. The margarine or spread composition may also include 
minor amounts of other additives, e.g., antioxidants such as those noted above, 
emulsifiers such as those noted above, vitamins, colorants, or flavorants. the 
aqueous phase may include any of a variety of conventional compositions, e.g., 
any one or more of water, milk components (e.g., soured milk or buttermilk), flavor 
preservatives, and food acids. 

[00110] The above-detailed embodiments and examples are intended to be illustrative, not 
exhaustive, and those skilled in the art will recognize that various equivalent 
modifications are possible within the scope of the invention. For example, 
whereas steps are presented in a given order, alternative embodiments may 
perform steps in a different order. The various embodiments described herein can 
be combined to provide further embodiments. 

[00111] In general, the terms used in the following claims should not be construed to limit 
the invention to the specific embodiments disclosed in the specification unless the 
preceding description explicitly defines such terms. The inventors reserve the 
right to add additional claims after filing the application to pursue additional claim 
forms for other aspects of the invention. 
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CLAIMS 



1 . A method of partially hydrogenating an unsaturated fat, comprising: 
dispersing a nickel-based catalyst in an unsaturated edible oil, the edible oil 

having an initial Iodine Value and an initial fatty acid content; 
delivering hydrogen to the oil; and 

hydrogenating the oil at a hydrogenation temperature no greater than about 
70° C for a hydrogenation time to yield a partially hydrogenated fat having 
a modified iodine Value and including a modified fatty acid content, 
wherein the partially hydrogenated fat has a solid fat content of about 25- 
80 weight percent at 20° C, an absolute difference between the initial 
Iodine Value and the modified Iodine Value (dIV) divided by the 
hydrogenation time defines an average Iodine Value change rate of no 
less than about 5/hour, and no more than about 15 weight percent of the 
modified fatty acid content comprises frans-fatty acids. 

2. The method of claim 1 wherein the oil is at the hydrogenation temperature 
when initiating the hydrogenation and the oil is hydrogenated without adding 
external heat. 

3. The method of claim 1 wherein hydrogen is delivered to the oil before 
dispersing the nickel-based catalyst in the oil. 

4. The method of claim 1 wherein the hydrogenation temperature is no greater 
than about 50° C. 

5. The method of claim 1 wherein the hydrogenation temperature is about 20-50° 
C. 
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6. The method of claim 1 wherein the hydrogenation temperature changes over 
the course of the hydrogenation time, the hydrogenation reaction being 
initiated at a hydrogenation temperature no greater than about 50° C. 

7. The method of claim 1 wherein the hydrogenation temperature changes over 
the course of the hydrogenation time, the hydrogenation reaction being 
initiated at a hydrogenatjon temperature no greater than about 50° C and the 
hydrogenation temperature not exceeding about 70° C during the 
hydrogenation time. 

8. The method of claim 1 wherein the average Iodine Value change rate is 
between about 6/hour and about 30/hour. 

9. The method of claim 1 wherein delivering hydrogen to the oil comprises 
delivering a gas consisting essentially of hydrogen. 

10. The method of claim 1 wherein the nickel-based catalyst is substantially the 
only catalyst source during the hydrogenation of the oil. 

11. The method of claim 1 wherein a total frans-fatty acid increase is a difference 
between the weight percent of the frans-fatty acids in the partially 
hydrogenated fat and an initial frans-fatty acid weight percent of the initial fatty 
acid content, wherein the ratio of dIV to the frans-fatty acid increase is at least 
about 5. 

12. An edible fat composition formed by the process of claim 1 . 

13. A method of hydrogenating an edible oil having an initial solid fat content of 
less than 20 weight percent at 20°C, an initial Iodine Value, and an initial fatty 
acid content, the method comprising: 

providing a catalyst composition including a fat component and a nickel-based 
catalyst that has been activated by heating to a first temperature; 
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dispersing the catalyst composition in the oil; 
delivering hydrogen to the oil; and 

hydrogenating the oil at a second temperature to yield a partially 
hydrogenated fat having a modified Iodine Value and including a modified 
fatty acid content, wherein: 

the second temperature is less than the first temperature; 
the partially hydrogenated fat has a solid fat content of about 20-80 weight 
percent at 20° C; 

an absolute difference between the initial Iodine Value and the modified 
Iodine Value (dIV) divided by the hydrqgenation time defines an 
average Iodine Value change rate of about 6-40/hour; and 

no more than about 15 weight percent of the modified fatty acid content 
comprises frans-fatty acids. 

14. The method of claim 13 wherein dispersing the catalyst composition 
comprises contacting the catalyst composition, which is at a third temperature, 
with the oil, the third temperature being greater than the second temperature 
and at least as great as a melting point of the fat composition. 

15. A partially hydrogenated fat selected from a group consisting of partially 
hydrogenated soybean oil and partially hydrogenated canola oil, the partially 
hydrogenated fat having: 

a solid fat content of at least about 20 weight percent at 20° C; 
a frans-fatty acid content of about 4-20 weight percent; and 
a ratio of C18 content to the frans-fatty acid content (C18 : TFA) of at least 
about one. 

16. The partially hydrogenated fat of claim 15 wherein the C18 : TFA ratio is at 
least about two. 
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17. The partially hydrogenated fat of claim 15 wherein the C18 : TFA ratio is at 
least about 4. 

18. The partially hydrogenated fat of claim 15 wherein a ratio of the solid fat 
content at 20° C to the frans-fatty acid content is at least about two. 

19. The partially hydrogenated fat of claim 15 wherein a ratio of the solid fat 
content at 20° C to the frans-fatty acid content is at least about 4. 

20. The partially hydrogenated fat of claim 15 wherein the partially hydrogenated 
oil had an initial Iodine Value prior to hydrogenation and the partially 
hydrogenated fat has a final Iodine Value, a ratio of the absolute value of a 
difference, between the initial and final Iodine Values to the trans-fatty acid 
content is at least about 4. 

21. A partially hydrogenated fat selected from a group consisting of partially 
hydrogenated soybean oil and partially hydrogenated canola oil, the partially 
hydrogenated fat having: 

a solid fat content of at least about 20 weight percent at 20° C; 
a trans-fatty acid content of about 4-20 weight percent; and 
a ratio of the solid fat content at 20° C to the frans-fatty acid content (SFC 20 : 
TFA) of at least about two. 

22. The partially hydrogenated fat of claim 21 wherein the SFC 20 : TFA ratio is at 
least about 4. 
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LOW 7R4/VS-FATTY ACID FATS AND FAT COMPOSITIONS AND METHODS 

OF MAKING SAME 

ABSTRACT OF THE DISCLOSURE 

This disclosure describes select low frans-fatty acid fats and fat 
compositions and methods of making such fats and fat compositions. These fats 
and fat compositions achieve organoleptic properties commonly associated with 
typical partially hydrogenated fats, but avoid the high frans-fatty acid contents 
typically associated with such fats. 
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